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The Virtual Observatory 

Astronomy being transformed by Information 
Technology 

l  Generate large data sets 
- High speed digital signal processing 
-  Large format CCDs 
- HPC-based simulations 

Ø  How to deal with the data? 
- Access, analyze, archive 
- New telescopes only going to exacerbate challenge 

2	




3	
3	


The Virtual Observatory 

l  Image, spectral, time series data 
l  Catalogs, databases 
l  Transient event notices 
l  Software and services 
l  Distributed computing 

authentication, authorization,          
process management 

l  Application inter-communication 

The VO is a data discovery, access, and 
integration facility 

International coordination and collaboration 
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The Virtual Observatory 
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VO impact and penetration 

Astronomers use VO every day without realizing it 
l  A few examples 
- Major archives and data centers are VO compliant 
- Hubble Legacy Archive is built with “VO Inside” 
- Dark Energy Survey pipeline and archive 
- WIYN One-Degree Imager pipeline and archive 
- Pan-STARRS 
-  LSST development 

l  ~1M VO-compliant service requests every 2 weeks 
from several sites 
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US VO efforts 

l  National Virtual Observatory (NVO) development effort, 2001-08 
-  $14M, 17 organizations 
-  NSF Information Technology Research program 

l  Virtual Astronomical Observatory (VAO) operational facility, 2010-2015 
Managed by VAO,LLC, co-owned by AUI and AURA 
-  VAO Board of Directors (J. Gallagher, chair) 
-  Science Council, G. Fabbiano (CfA, acting) 
-  Users Committee, C. Miller (U. Mich.) 

http://www.usvao.org/!
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Research Collaborations 
Accepted 
l  Serving data and models of the 

Magellanic Clouds from Spitzer 
and Herschel legacy programs 
(PI: Meixner) 

l  Serving light curves from the 
American Association of Variable 
Star Observers (PI: Templeton) 

l  VO image interfaces to the NASA 
Extragalactic Database (PI: 
Schombert) 

l  VO-compliant databases for the 
Evolutionary Map of the Universe 
and Variable and Slow Transient 
Survey Science Projects (PI: 
Murphy) 

l  Call for Proposals issued in 
January 

VAO to provide in-kind resources to 
further a well-defined research 
project and/or expose valuable 
data to the community 

l  Think about next year! 
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http://www.usvao.org/ 
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Time Series Tool 

• Discover time series data 
– Harvard Time Series Center 

(TSC) 
– NASA Exoplanet Archive at 

IPAC/Caltech 
– Catalina Real-Time Transient 

Survey at CACR/Caltech 
• Analyze with the NASA 
Exoplanet Archive's 
periodogram application 

Ø Pathfinder for developing 
utility that interconnects 
time series data 
repositories 



Time Series Tool II 
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Kepler TrES 

After searching on an object, 
examine its entries in a time 

series data set … 



Time Series Tool III 
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Kepler TrES 

Plot the time series as a “quick look”  … 



Tool Series IV 
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Analyze! 
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Data Discovery Tool 

Question: 
1. Can I combine my data 
with existing data to 
understand an object 
better? 

E.g., KOI-13 system 

2. Do I need to acquire 
additional data or do 
they exist already? 

a.k.a. observational or 
proposal planning 
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Data Discovery Tool 

Data Discovery Tool 
searches VO-aware 
collections for data 
• Catalog, images, 
spectra 
• Waveband 
• … 

Ø Do your data need 
to be in a VO-aware 
service? 
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SED tool:  Iris 

SEDs needed 
to understand 
emission 
physics 

e.g., star vs. 
disk 

GM Aur	
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Cross-Matching 



Cross-Matching and Cross-
Identification 
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Distinguish cross-matching 
and cross-identification 
• Cross-matching è two 
objects are at the same 
position on the sky (within 
uncertainties) 

Cf. brown dwarf searches 

• Cross-identification è two 
sources at different 
wavelengths represent the 
same object 

On-going research into 
probabilistic approaches 
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VAO-IRAF Integration 

• 2000 registered 
IRAF users 

• ~ 5000 total 
users 

• > 700 IRAF tasks 
now VO-aware 

• > 1000 
downloads of 
IRAF v. 2.16 

as of 2012 April 1 



seleste 
19	


Intuitive yet flexible and 
powerful access to 
catalogs, or any 
tabular data 

•  Discover and browse 
catalogs and databases 

•  Full access to data and 
metadata 

•  Quick look results 
•  Customizable for fine-

tuned results 
•  SQL queries, with click-

and-drag GUI 
•  Scriptable via command 

line interface 
•  Query results saved or 

passed to other VO tools 



VOStat 

l  VOStat, rev 2 is a Web-service providing a suite of statistical 
analyses for VO datasets. 
-  Developed at Penn State 
-  http://vostat.org/ 

l  Java-based GUI to the R public domain statistical software 
environment 
-  > 60,000 functions in > 3500 packages 
-  http://r-project.org 

l  Input files obtained via SAMP, URL, or user (ASCII, FITS, VOTable) 
l  R code provided to assist user in further analysis on local computer. 
l  VOStat provides ~ 60 statistical functions 

2D & 3D plots, smoothers (kernel, ASH), hypothesis tests (K-S, A-D), 
regressions (linear, robust, local), PCA, normal mixtures, hierarchical 
clustering, spatial (k-NN, Moran’s I, Ripley’s K, 2-pt correlation), 
directional data, non-detections (Kaplan-Meier, Lynden-Bell-Woodroofe, 2-
sample tests), time series (ACF, ARMA, Fourier) 



Coming Attractions 

l  Renewed emphasis on Time Series Tool 
l  Python interfaces to VO libraries and services 
l  Inter-operability 
- E.g., DDT è Iris 
-  In alpha/pre-beta stage currently 

l  VO-aware versions of other software packages 
e.g., CIAO (Chandra Interactive Analysis of Observations), 

CASA (Common Astronomical Software Applications 

l  Data publishing initiative 
- How do I share my data with the community? 
-  viz. NSF Data Management and NASA ROSES policies 
- Currently in pilot stage 
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